Sfrf 


RECORD 

COPY 


mu  FilE 


OEj  60~41,?21 


JRRSs  5984 
1  November  lOSO 


MOTORS  WIICE  DITEMINS  CHANGES  Of 
ONTOGENY  II  ETOLHTION 


By  B»  S.  Miitveyev 


-  USSR.  -■ 

Reproduced  From 
Best  Available  Copy 


I3ISTRIBUTION  STATEMENT  A 

I  ApprovGd  for  Public  RslGas© 
Distribution  Unlimited 


-F..-  Illjf 


Distributed  bys 

OmCE  OF  TEOTIGAL  SERVICES 
IT,  S.  DBPARmt^T  OF  COl'f'lBRCB 
WASHIMaiON  25,  D,  Cft 


U.  S.  JOINT  PUBLICATIONS  RESEARCH  SERVICE 
1636  CONNECTICUT  AVE.,  N,  W, 
WASHINGTON  25,  D.  C, 


DTIO  QtJMITY  4 


20000821  169 


JJRS;  5984 
CSOs  3991 “H/l 


PAOT-OSS  MilCH  DETSRMlKE  CHAKaSS  OF  OH^T'OaENY  311 

EFDLTOIOH 
by  B.Si  Matveyev^ 

[B’ollowl;ng  Is  a  tx^anBlatlon  of  a  paper  by 
B./S.  Matveyev  entitled  "Faktory^  opredelyayu- 

’ 

shchiye  izmeneniya;  ontogeneKa  y  evolyutsli'*  i 

I 

( English  version  above)  in  Arkhlv  Anatomil, 

Gistologil  i  Embrlologli  (Arc hives  of  Anatomy, 

Histology  and  Embryology),  Vol.  38,  No.  3,  | 

i 

i960,  Leningrad,  pages  3~15-)  | 

At  pi'esent  interpretation.  Is  generally  accepted  j 

\ 

that  neoplasms.,  determining  the  formation  of  new  features  i 

I 

In  evolution,  arise  during  the  entire  individual  develop- 
ment,  beginning  with  the  conception  of  sex  cells  in  parent 
.  organism  to  the  very  death  of  the  organism.  !I?hlB  Idea 
*  ■  A.N.  Severtsov  Institute  of  Animal  Morphology,  AS, 

USSR  and  Laboratory  of  V’er’tebrate  Morphology,  MQU. 

Submitted  for  publication  August  28,  1959. 

I - - - -  - - -  - - - - - - — - - - - 
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hae  been  expressed  by  Uarwln  in  his  eanly  essays  on  the 
origin  of  species  ,,  still  in  l842  arid23''44  and  later  re¬ 
peated  in  '*0'rigln  of  the  Species"  (l859)*  l!hen  it  was 
pi'oyed  and  dejeloped  by  F*  Muller  In' his  book  'On  Darwin" 
(l864).  Ho'weYer^  later  It  was  forgotten  and  replaced  by 


I  the  theory  of  Haeckel ?s  biogene tic  law.  Haeckel  defended 
another  point  of  view  in  biogen'etlc'  law.  According  to 
j  Haeckel,  ontogeny  is  a  I'eflectlon  of  pb^^loge^,  i.e.,  the 
I  neoplasms  chariglng  the  structure  and  function  of  animals 


as  adjustaants  to  existence  condlticns,  originate  in  adult 
animals,  and  later  the  acquired  changes  shift  Into  embryo- 
logic  Condition.,  constantly  rej>laced  by  new  ones,  in  the 
subsequent  generations.  In  spite  of  fur-ther  criticism 
of  blogenetlc  such  an  inteipretation  of  factors, 

determining  the  recapitulation  of  ancestor  characteristics 


f 

I 


in  the  ontogeny  of  deoendents,  established  for  a  long 
time  in  biological  literature. 


A.  K.  Sevex^tsov  was  one  of  the  first  who  reintro- 
fduced  the  idea  that  evolution  is  accoitipllshed  by  the 

i 

I  changing  ontogeny  (1911-1912).  However,  A.N.  Severtsoy 
!  in  the  phylembryogeneslE  theory  disouEsed  only  the  origlna- 


I  tion  in' evolution  of  a-iult  fom  characteristics  and 
! 

Up  to  1935  incorrectly  interpreted  the  vievis  of  ]>arwln 
on.  this  prohlem  (B.S.  Matveyev^  19^0 >  1946 ^  1 9*1-8 )  ,> 
comparing  .them  to  the  vlevfs  of  F.  Mrller.  Oausal  factors 
determining  the  change  In  ontogeny^,  he  did-  not  touch 
upott^  posing  only  the  prohlem  of  when  and  how  the  changes 

of  adult  fonas  origl.i.Ta.te  in  phylogenetic  d^eyelopment  ^ 

'  ■■  ■  ■  i 

or  not  why.  Present  theoidets  of  the  science  of  evolu- 

■tion  discuBslng  the  i-*ole  oi:itogeny  transfonKations  In 
the  process  of  evolutionary  develcijment  (0.  daSeer 
1930«*1958>  B.  Bench  1954 ■>  A„  Kemanc  1956)5  and  also 

i 

all  Soviet  biologists  'beginning  Vfith  A. If.  Severtsov, 
lnd,8per4,clently  of  1>axnfln''rd?iTcd  the  idea  that  evolution- 
coroas  about  by  the  way  of  chajiglrug  the  course  of  ontogeny, 

,  not  discussing  the  problems  of  factors  causing  these  - 
changes.  Gntogenetio  factors,  are  arialyzssd  in  detail 
ill  the  experimental  embryology >  but  the  representatives 
of  development  mesihanica  do  not  I'elate  their  analysis  of 
individual  development  factors,  with  historic  development 
process analyzing  onl,y  their  physiological  essence-, 

La.ter-  study  of  this  problem  by  morphologists 
(A.,  >lae.f  lQ17i  B.  grant - i 


3 


X,  X938,  1942  and  1948 j  B.  Bench  1954j 

|.  A.  HeiEthe  1956)  als©  ai’e  .llsalted  &airxl,j  by  the  eatabll'sh*- 
I  3if ttiJ  o-f  dlffinent  fom$’  of  phylogenetic  transforHiatlChS 
of  Individual  vleveiopEent ,  paying  ffiiich  Imn  attention 
to  the  pnoblosa  of  causee  and  factor'^..  Xn  t!he  last 
snsasaty  on  the  givrn  problem,  E.  leneh  (l954-)  said  that 
the  entire  evolution  is.  be^sed  exclUBlvely  oii  the  mutations 
of  "fenov”  chi'omoBomaS;,  tiie  entire  genome  or  cytoplasm 
of  embryonic  cells.  Along  with  thee a  qualitatlvo  changes, 
Quantitative  changes,  are  .especially  frequently  met  through 
acellei’atlon  or  r^taMstion  of  ontogenesis,  separate  onto™ 
genetic  phases  or  fhe-  development  of  separate  organs  ' 
or  Btruc'tur©',a,  through  heterochrony,  Biu^ther,  he  pays 
et.tention  to  the  process  of  abbreyiat Ion  and  prolongation  j 
of  ontogeriSBis  and  then,  lists  eight  different  fonts  of 
these  tp'an:^f0^siati^^4,  :us.iiig  as  the  bas,is  A..B.Severtsov 
phyleoibryogenetlc  types.  X*X.  Shmai^gausen  gave  main 
attention  to  Internal  deyelopmental  factors  causing  dlS'- 
placements  in  morphogenetic  correlations,  striving  to 
attract  the  ,. developmental  mechanics  to  this  problem. 

Borne  soviet  morphologists  (S.  Eryzhanovsfciy  1939“! 957, 

|t,  Tasnetsoy  1940-1953  and, 


4 


J. 


(I.  A.  Arshavskiy,  developing  the  ecological  embryology 
I  trend,  I'educe  all  ontogenetic  trans.foi'’mation8  to  straight 
adaptations  in  the  developing  embryo  to  the  envlronraent 
and  deny  the  preservation  of  historic  Inheritance  in  embr¬ 
yos  as  remnants  of  the  past,  v?hlc.h  do  not  accomplish 
the  adjustment  functions  to  the  conditions  of  embryonic 
development . 

In.  the  Soviet  Union  at  present  with  the  study  of 
ontogenetic  evolution  by  method,  of  comparative  Juocta- 
positiori  of  close  systematic  animal  groups,  great  amounts 
of  material  accumulated,  v/hlch  allow, s  summation  of  the 
development  of  the  problem  of  factors  determining  the 
change  in  ontogeny.  A  final  solution  of  this  problem 
cannot  be  given  by  comparative  morphological  studies;  the 
participation  of  evolutionar^y  physiologists,  biochemists 
and  geneticists  is  needed  here,  in  order  to  explain  the 
metabolism  characteidstics  in  different  stages  and  periods 
of  ontogeny .  However,  comparative  ecolo -morphological 
studies  of  ontogeny  for  closely  related  animal  groups 
i(Y.  Yasnetsov,  S.  Kryzhanovskiy,  B.S.  Matveyev,  (l.A.Shm.idt 

I 

i 

i  and  their  pupils)  allowed  division  of  the  indlv.idual 

i 

i 

;  development  of  aniraals  lnt.Q._..per.io.da...anrl . sjuagna 
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'  laed  by  special  forms  of  adaptations  to  the  change  of 
i 

I 

i  habitat  V  This  analysis  of  specific  o.haracterlstics  of 
organ  structure  and  funotiOh  ih  different  periods  and 
stages  makes  it  possible  to  raise  the  problem  on  factors 
determining  the  change  of  ontogeny,  which  should  aid 
physiologists,  biochemists  and  geneticists  to  reach  the 

1 

j  experimental  answer  to  the  raised,  problems, 
i 

I  As  >ras  stated  above,  Darwin  had  already  pointed 

j  out  with  definitive  clearness  in  the  essay  of  l844,  that 


^^negllglble  changes  initially  appear  in  all  life 


and  that  ’’with  Inheritance  they  are  inclined  to  appear 
aga,in  in  the  corresponding  age'*  ( "Eassay  1884",  Woiics, 


¥ol.  1939,  page  226;.  These  Darwinism  ideas  fully 
co,rr‘espond  to  our  present  vlevrs  on.  the  origin  of  new 

I 

jada.ptlve  cha.racteristics  ’With  the  di’vergerxce  of  featux’es 
in  the  formation  of  species. 


AccoxKi.in.g  to  present  views,  they  originate  as  onto-  ; 
genetic  changes  in  the,  gamut,  beginning  with  the  ovum  i 


j  and  ending  writ h  the  adult  stage.  Morphologic  and  pljysio- 
i 

! logic  features  of  adult  animals,  as  definitive  signs, 


t  } 

I  have  developed  .as  adaptations  to  the  .habitat  conditions  of  j 


I  the  adu,lt  animals,  providing  thslr  life  and  reproduction. 

I 

In  Individual  development  each  species  in  different 

i 

periods  and  stages  of  their  developmental  possess  specific 
a,daptatlons  to  the  conditions  of  embryonic  and  post- 
esibryonic  development.  All  principle  functions  of  the  life 
process  (nutrition,  breathing,  excretion)  iii  esibryos  and 
larvae  a,re  dif fezrent  thazx  In  adult  organisms .  Transf orma- 
tlons  of  these  specific  embryonic  and  post-embrs'^onlc 
functions  to  the  special  conditions  of  life  (different  than 
in  the  adul.t  oi’ganlsms}  are  the  source  of  enoxJlasms  with 
the  formation  of  species  In  adaptive  evolution.  In 
addition  to  this,  structure  end  functions  change,  not  only 

! 

in  embryo  and  lar-va,  but  also  in  the  formation  of  features  | 

which  change  in  adult  animals.  The  character  of  these  | 

1 

changes  is  extremely  varied,  and  in  genetically  successive  j 

I 

series  of  ontogenies  (phylogenles)  only  those  signs  are  j 

i 

conserved  and  strengtiiened  by  natm-al  selection  which  are 
useful  signs,  vrhlch  determine  the  survival  of  the  best 
adapted  to  the  given  environmental  conditions. 

We  can  separate  the  factors,  determining  the  charjg^s 
In  ontogeneBlSj  into  three  categories j 


1)  Hejfeei'Ogenelty  of  hereditary  structure  and 
blochemioal  composition  of  rriaternal  and  patei'nal  germ 
cells, ,  wlxleh  give  begirailng  to  daughter  organlam  (eytO" 
plaara  and  also  deutoplasm) . 

2)  Displacements  in  taorpho  gene  tic  correlations 
?jith  the  establishment  of  organs,  caAised  by  different 
differentiation  rates  in  esjbryonio  cells  and  tissue 
functions >  <?orre spending  to  the  differences  Intheir 
developimaiital  conditions . 

3)  Punctlon  transfonaatiori  i.n  relation  with  the 
change  of  environraent  in  different  states  and  periods  of 
indit vldual  development , 

In  analyzing  these  factors  we  should  I’emeiaber  I 

1 

i 

Dam?rin*s  statement  i  "In  whatever  period  of  life  the  new  j 

I 

cnar-acteristio  initiall.y  appears.  It  usually  remains  i 

i 

nidden  in  the  deeendant  uxitll  it  reaches  the  corresponding  I 
age,  and  then  It  develops.  When  this  ru].e  is  not  confirmee, 
the  eub  U-Suaily  develops  the  characteristic  at  an  earlier 
age  than  the  parents'*.  (''Changes  indomes  tic  animals  and 
developmental  grow-fch  in  domestic  conditions”,  Works,  Vol. 
page  360) . 

. 
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_ _ — - - — — - 

general  asynohronous  of  Indlyldual  developmont  of 

different  organs,  there  is  no  specific  Sequence  in  the, 
d^veXopffient  of  these  factors,  each  of  them  can  develop 
at  differeht  times  and,  depending  on  the  organisms, 
needs  corresponding  to  the  environment. 

tn  the  first  place >  the  heterogeneity  of  hereditary 
structure  and  biocheialoal  composition  of  maternal  and 
paternal  germ  cells  becomes  effective  in  every  daughter 
organism  uniting  in  different  combinations.  l?his  hetero¬ 
geneity  of  hereditary  structure  of  daughter  and  parent 
organism  can  tell  on  the  different  stages  of  ontogeny 
itself j  it  can  change' the  entire  ontogeny,  and  effect  * 

I  only  separate  specific  signs.  I  will  not  touch  upon 
these  proglemsj  these  problems  are  beyond  my  scope,  and 
this  is  a  concern  for  geneticists  and  biochemists. 

Speaking  on  the  influence  of  the  factors  on  this  order 
oh  ontogeny,  X  would  like  only  to  emphasize  by  a  separate 
example,  that  not  only  heterogenous  compqsiltion  of  the 
chromosome  apparatus  and  cytoplasm  can  determine  specific 
deviations  in  ontogeny,  but  also  the  compositional  char¬ 
acter  of  the  pellicle  in  the  ovum,  l.e.,  the  food  material, 
received  bv  the  germ  cell  while  it  was  still  a  part  of ,  tha-. 


_ _ _ _ - - - - - - - — 

Hiatemal  orgaaism,  of  its  gonad » 

■  *Jiie  principle  ont-ogenetio  stages  .are  illustrated 
Ift  Fig.  1  for  tp'o  iielghboring  speeles  of  ^aok'  Sea; 
labrold  fishes  (I,ahridae  fasiily)  grenllabrus  and 
Ctenolabms  of  the  Order  Pereifomps.  In  -spite  of  the 
great  sts'dlarity  in  the  hahltat  for  ad/alt  fish^  the 
course  of  their  emlvry'oj^.lc  and  post~eB!hryoia.1.G  developiaeht 
differs  much  frojn  start  to  finish,  She  sizes, of  their 
ova  are  v-ery  sitnllar,  as  are  the  adult  forms;  in  Oreni- 
lahrtts-~'0.30  -  0.90  Kimj  in  Ctenolabruq  ”  0,78  -  -0^84  mm., 
but.  .0te-nol|^.rus  has  a,  tyx^lcal  pelagie  fish  eggs  with  very 
tl'iln  ra.eaibrares  ai¥l  transparent ,,  colorless  Yltelliole  of 


watery  eonslstency.  l?h3.B  vltelliole  coMpos.ition  deter-^ 
mines  the  -entire  ontogenetic  course.  Xh  the  oleav-age 
!  stages  the  eiabj^onlc  disc  in  Otenolabrug  is  spr.eed  on  to 

i 

)  the  YltelllcXe  said  the  blastoiaers  .are  not  separated  by -a 

i  '  ■  ■  ■  ■  ■ 

7  sharp  bouiidary  from  the  vitelllclh.  !J?i»  hatching  of 

i  ■  ■  ■ 

I  larvae  ooe»ir.3  very^  early  and  the  larvae  conducts  a 

I  ■ 

I  jjolagic  for®  of  life,  having  ©  whole  nuB^er  of  larva 


tatlons  to,  the  pelagic  life.  /Oronllabrus  has  a 


I  Ijpttoiffi^^dwolling  type  of  ovum  fixed  to  stonee  with  very 


I 


tfhe  ova.  meisibraTies  are  very  dense#  thick  and  able  to 


adhere i  Xn  the  division  stage  the  blastomers  are  isolated 
I  by  a  sharp  boundary  from  the  Yitelllcle  in  the  form 
of  a  cap  aroimd:  the  vltellicle.  HatcMng  is  very  late# 

&£{  the  concentrated  vitalliele  provides  th®  food  for 
the  embryo  for  a,  long  time,  and  this  in  the  littorai 

* 

I  cc/r:iditionB  of  bottor,.  dv^elling  ova  l.s  en  important 
bi.ologioal  adaptation. 

Consequently,  .the  character-  of  biocheriiical  pro-«- 
cesses  in  the  gena  glaiid  of  the  .female,  where  ttie  ovum 
of  daughter  organism  3,s  foimed,.,.. determines  all  the 

I 

subsequent  ontogenetic  course  and  sharp  differences  in 
the  biology  of  development  for  tijsse  two  closely-related 
I  apecies'  of  .fls'hes  belonging  to  one  family, 

,  I 

I  ■  Xt  should  rather  be  aaid  that  the  differences,  in 

I 

vltellicle  composition  form  a  material  for  natural 
I  salectlon,  giving  it  the  possibility  for  th©  adaptation 
I  of  tliese  two  fish  species  to  different  ecological 

r  ■  • 

\  conditions. 

1  .  ■  . 

\ 

I  fhe  second  gxpup  of  factors,  InfluencirAg  the  more* 

I  pliogenetlc  course#  are  the  dlspiacements  in  the  relation- 

■■'fuaotiQfty--fogaira<g''''tna>ig^osenie'  ■  ■a-ystaigifr#- — 
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!  i.e.^  displacements  In  morphogenetic  correlations 

i 

i 

J 

I  between  two  rudiments,  of  wrtich  one  played  the  role  of 
1 

formative  action  carrier  (aotivator),  and  the  other  Is 
the  regulating  material  (reactoi:^)  on  the  morphogenic 
action  of  the  activator,.  The  study  of  mutal  interaction 
of  these  morphogenetic  systems  or,  as  D.P.  Filatov  (1943) 
caliead  them  tiie  form  developing  appartus,  in  the  history 

\ 

[  of  indivlduaJ.  development  acrid  In  the  evolution  -  the 
i 

j  problem  of  experimental  embryology,  'was  solved  by  the 
j  method  of  compa;r*ative  experimental  investigation.  It 
I  is  practical  to  reveal  the  formative  action  of  one 
I  rudiment  on  the  other  by  means  of  enz;i/-matlc  or  hormonal 

I 

factors  can  be  done  only  ©.xperlmevitally .  Hov^ever,  the 
displacements  j.,n  these  mox'pnogenefclc  correlations  in  the 
evolutional  development  can  also  be  discovered  and  their 
biologic  importance  can  be  understood  on  the  basis  of 

I  coniparative-emDi^yclogio  studies  for  a  nunfoer  of  related 

1 

I  forms,  distinguished  by  different  ecoiosical  conditions, 

j  Comparative-embryologlc  studies  of  the  transforma- 

> 

j  tion  of  cuti  in  vertebrates  in  the  series  from  lower 
i 

I  groups  to  upper  (B.S.  Matveyev  1930,  1932,  1940,  1945 
i  X04^^ 
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I 

I 


i 


Fig.  2.  Scheme  of  the  evolution  paths  and  trends  of 
ontogenetic  differentiations  of  the  cutaneous  covering  for 
verte'bx’ates  in  phylogenetic  development. 

i 

I-V  -  Function  types  of  cutaneo'us  coverings;  I  -  Protective 

—  i4  - 


{by  forming  cilia  and  cuticles}]  IX  -  Secreting  (by  form¬ 
ing  single  cell  and  many  cell  glands)]  III  -  Sensing  (by 
separating  the  primary  and  the  secondary  senson^-  cells)] 

IV  -  Coloring  (by  dlfferentlational  pigment  cells)]  V  - 
Erabryonic  laying  of  .protective  skin  organs  in  vertebrates 
by  foming  the  form  development  apparatus.  la~lb  -  Number: 
of  stages  of  dentine  forms-tion  In  sharks  (Selachil)  with 
the  foxmatlon  of  placoid  scales  with  a  typical  enamel  orgai 
2a”2b  -  Development  of  bone  denticles  (2a-2b),  dorsal 
"zhuchek"  and  end  plates  (2o-2d)  in  the  skin  of  sturgeons 
(Acipenseridae)  vjlth  the  dropping  of  dentine  forniation] 
3a"3c  -  Development  of  cycloidal  scales  in  the  skin  of 
bony  fish  (Teleostei)  with  a  complete  rudimentation  of  the 
enamel  organ]  4  -  Diagram  of  the  ganoid  scale,  as  an  ex¬ 
ample  of  a  complex  of  many  scale  generations;  5  and  6  - 
Replacement  of  skeletongenetlc  function  by  glandular  func¬ 
tion  in  fish  skin.;  -7-10  -  Common  rudiment  of  horny  scales, 
feathers  and  hair  in  amniots]  7a-7d  -  Developmental  stages 
of  horny  scales  in  reptiles  and  birds;  8a-8d  -  Development 
of  downy  feathers  and  8e  -  Development  of  contour  feather; 
9a~9d  -  Development  of  hair  stages  with  complete  rijdimen- 


15 


i 

( 


tatlon'of  connective  tissue  acid  the  developmental  progress 
of  the ‘"epidermal  rudimanti  10a*-i0b  -  Restoration  of  homf 
.  scales  in  fflaiania.l  skin. 

transformation  of  cutaneous  coverings  in.  msisnials  and 
Shnoiude  that  it  oocu>rD.  in  sucoessive  ontogenetic  series 
by  displacement  of  morphogenetic  correlations  between 
the^idermal  organ  rudlfiient  and  its  meBdemal  part^ 
developed  in.  the  co.rdiuffi.  aiiese  dlsplaceEient.s  occur 
urider  the  Influence  of  the  rudimentary  function  change 
of  cuti,  depending  on.  the  developmental  conditions.  A 
table  in  dia.graia  form  is  giYe,n  on  Fig.  2  which  illus-*' 
■trates  the  tran.0forHi.at ions  of  cutaReou&  covering  organs 
in  embryonic  develojsment .  It  should  be  reBiembered,  ’ 

that  the  cutaneous  covering  is  a  system  of  org,ans,  which 
has  a  well-expressed  m.ulti-functlonal  character.  For 
most  animal  species  the  pre.sence  of  four  groups  of 
cutaneous  covering  functl.on.s  is.  characteristics  ■  pro¬ 
tection  (I),  seci'etlon  II,  sensitivity  xxi  and  coloring 
lY,  which  are  in  close  dependence  on  each  other.  Iiet 
uB  tuni  our  attention  to  the  protective  function,  which 
!  1b  expressed^  .jp  ..the  ve.3^tcprajtas ■  ■py— -t-he — 

—  16  . 
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different  scales  and  ttelr  derivatives  -  feathers  and 
halr,^  and  also  of  the  cutaneous  siceleton.  In  all  vefte-^ 
hrat.es  in  their  ontogenetic  evolution  is  the  priors' 

:  rudiment,'  fomed  by  the  ooneentration  of.  cylindrical 
.ceils  of  the  epider®!  growth  layer  (T).  'fhis  ectodermic 
’  placold  interacts  with  mesenchymal  cells  and  forms  the 
apparatus  of  "form  development"^  as  B.F.Filatov  understood 
it.  Where  plaoold  epidermis  is  the  activator  and  mesenchy¬ 
mal  rudiment  is  the  reactor,  at  the  §^ense  of  which  the 
"form  development"  of  skeletal  elements  takes  place. 

As  the  data  of  comparative  anatomy  and  polyatology  show, 

i 

the  earliest  and  primary  process  in  vertebrates  is 
dentine  formation,  i.e. ,  thB  development  of  dentine 
denticles  in  the  skin  according  to  the  type  of  placold 
Scales  in  present-day  sterks  and  teeth  in  the  mouth 
(see  Fig.  2,  la  to  3d),  l^he  placold  epidermis  transforms 
Into  the  ensmel  organ,  which  produces  dentine  foimattlon 
through  the  transformation  of  mesenchymal  cells  into 
ondotobl&sts .  At  present  after  a  long  discussion  among 
paleontologists  and  morphologists  on  the  problem  of 
the  origin  of  external  .bony  skeleton  in  early  lower 
l.v.e.3:!ipobrate&" we-* enn ' aooert  j  " thfldr  the  skin  armor  of '  tte 


i  early  agnathour  (Agnatha),  placodeniis  (Placodemli)  > 
i  bottom-dwelling  cartiliginous  fi§h  (Chondrlchthyes)  and 
early  bony  fish  (OBtelchthyes)  was  formed  throu^di  the 
transformation  of  primal  dentine  scales  Into  cosmold, 
ganoid  scales  and  bone  shields  (see  Fig.  2.t4) .  In  the 
most  of  the  present  bony  fish  ( Actinortsrygii)  the 
ability  of  dentine  formation  vjas  lost,  The  skeleton 
formation  character  in  the  mesenchyjTie  papilla  depends 
on  the  dep;ree  of  enamel  organ  development  which  in  turn 


depends  on  the  condition  of  the  skin  secretory  function.  | 
By  Increasing  the  function  of  mucous  separation  the  forma¬ 
tion  of  enamel  organ  in  the  epidermis  is  stopped ^  and  it  I 

! 

disintegrates.  As  a  consequence  of  this  the  morphogenetic: 
mutual  relation  of  the  enamel  organ  and  mesenchyme  papilla ; 
is  disrupted,  and  bone  Is  formed  Instead,  of  dentine.  ; 

I 

The  ability  of  dentine  fo:raiation  is  presei’ved  in.  the  mouth; 
«  ■ 
1  where  dentine  teeth  develop,  in  other  coatings  however  ; 

i 

} 

it  is  replaced  by  bone  formation.  This  can  be  Vicell  seen 
from  the  development  of  the  bony  scales  in  stui'geons 
( .Acinenserldae)  .  Sturgeons  maintain  the  ability  to 

i 

!  develop  many  scale  generations  as  the  sharks  do,  but 


18 


[instead  of  dentine  denticles ^  bojis  denticles  develop  in 
their  skin,,  ^he  developruent  begins  by  a  formation  of  f 

I 

typical  ectodermal  placoida  (see  Pig,  2.  2a  to  2e) ,  ; 

t 

i 

from  which  the  rudimentary  enamel  organ  is  formed.^,  but  | 

i 

it  rapidly  disintegrates  still  hetove  the  beginning  of  : 

I 

skeleuon  building.  In  the  raesenchyme  papilla,,  osteoblasts  • 

I 

appear  and  bon^/  dentines  develop  (B.S.  Matveyev  1940) .  ! 

By  way  of  grov/ing  together  of  separate  bone  dentines  in,  ; 
different  generations  and  their  further  develootnent ,  ! 

r 

cn.ax>?.;.cteristic  longitu-dinal  series  of  "Zhuchek"  form  j 

i 

with  star  end-plates  between  them.  .Further  undezdevelop-  : 
ment  of  ectodermal  placoids  in  bone  fish  (Teleostii)  ; 


causes  a  further  change  in  the  scade  development.  The 
enamel  organ  rudiment  has  been  discovered  by  me  In  bony 
.f.isn  in  rudimentary  state  in  the  earliest  stages  of  scale 

( 

I  development,,  and  thl^3  in  irrimediately  disintegrated.  In 

j addition  to  this  mutual  Interaction  of  epidermis  and 
choriiim  was  noted.  The  placoid  ectodermal  rudiment 
appea.i..''cd  omiy  wnen.  che  peering  of  epidernils  from  choriujTi 

! 

joccurred.  As  soon  as  the  enamel  organ  rudiment  ori.glnate 

i 

s 

jin  the  form  of  the  thicken.lng  of  the  epidermal  basal 


r  iPig...  .  2  „ . 3.6 
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j  occurs  under  it  and  a  thin  plate  of  osteoid  tissue,  'With¬ 
out  borer  bodies  is  formed.  The  plaooid  ectodermal  rudi¬ 
ments  of  the  enamel  organ  begin  to  separate  in  the  basal 
epidermal  layer,  when  the  skin  reaches  a  specific  differ¬ 
entiation  level,  which  depends  first  of  all  on  the  develop¬ 
mental  stage  of  the  embryo  and,  moreover,  on  the  degree 
of  mucous  section  development.  The  sequence  In  scale 
rudiment  dlatrlbutlon  depends  on  different  degree  of 
skin  differentiation  on  different  body  sections.  It 
Is  interesting  to  note  the  differences  in  the  differen¬ 
tiation  level  of  epidermis  as  the  external  coating  from 
the  influence  of  external  medlm  factors  in  relation  with 
different  way  of  life  of  the  your;g.  Thus,  in  the  fry 
of  the  nalced  dyptichus  (Dyptichus  ayboviskl) ,  livl'ng  in  a  | 

:  protected  enviroment ,  the  epidermis  reaches  a  consider-  _j 

1 

ably  lesser  vigor,  than  in  the  fry  of  the  scaled  dyptichus I 
(Dyptichus  mac ul at us) ,  living  in  fast  current  conditions, 
leading  a  bottom-dwelling  form  of  life  on  stony  bottoms, 
and  so  on.  Corresponding  to  this,  we  see  a  lag  of  scale 
coating  development  in  the  first  ones,  and  sometimes  its 
complete  reduction.  In  the  second  ones,  on  the  other 
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I 


j  hand,  an  earlier  scale  development  and  their  progressive 

development  are  noted.  ,  I 

> 

Still  a  mol’s  complicated  reconstruction  of  inter¬ 
action  oetween-  eotoderniic  and  in6senchi''me  scale  rudiments 
and  their  derivatives  occurs  In.Mniota  (reptiles,  birds 
and  mamr/ials)  in  relation  with  the  sclerosing  of  t|5e  skin 
:  coatings.  !fhe  x’eplaeement  of  raucous  section  by  horn 
formation  creates  the  dev^O.opment  of  skin  organs  {.Fig.  2, 

I  7  to  lO) .  Rudiments  of  horn  scales,  feathers  and  hair 
appear  in  the  epidermlB  still  before  the  beginning  of 
Bclerlflcatlon,  and  possess  the  characteristic  form  of 
placoid  ectodermis  and  the  accumulation  of  mesenchyme 
cells  under  it  (Fig.  2,  7  to  10).  With  a  larva  type  of 
I  development  the  formation  of  scales  and  othei"*  skin  cover-  | 
ing  organs  occurs  In  the  three  way  of  living,  when  the  j 
;  developing,  organism  collides  directly  with  the  external 
■  medium  and  all  the  ‘diverse  fmctlons  (secretion,  breath¬ 
ing,  protection,  sensation,  and  color)  are  of  great 
biologic  importance.  With  ovlparity  and  viviparity  when 
development  occurs  to  a  considerable  degree  in  indirect 

relation  with  external  raediuin,  most  of  the  functions,  j 

1  except  sensitivity,  lose  their  biologic  meaning.  Ihe  1 
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I^evelopment  of  horny  acales,  feath'SX's  and  hair  takes  place 
in  completely  different  conditions.  In  fish  the  epider¬ 
mal  pXacolds  play  the  role  of  functioning  enamel  organ 
on3.y  for  a  short  time^  and  predominant  value  in  the 
development  falls  on  the  messnchyBie  part,  where  different 
forms  of  skeletogeny  sire  accomplished.  In  all  iUmlota 
however*,  a  predominant  v&lue  goes  over  to^  the  epidermal 

f  ^ 

'  r  ■  V  V 

establishment  and  the  connective  t  is  sue . -part, ^  in  the  form 
of  a  pulp  in  the  majority  carries  only  the  function  of 
providing  the  nutrition.  In  reptiles  (Fig.  2,  78-  'to  7c) 
the  rudljaent  preserves  the  form  of  a  scale*^>3haped  organ, 
although  the  scale  itself  (with' connective  tissue  papillae 
inside)  develops  from  the  epidermis.  However,  as  it  is 

} 

known,  3.n.  many  reptiles  the  ability  to  develop  bony  | 

forraatlons  is  maintained,  and  bony  plates  under  bony 
scales  form  in  different  groups  (turtles,  crocodiles, 
chameleons,  gekos,  etc.)  independent  of  one  another.  In 
birds  the  development '.of  scales  and  feathers  begins  in 
a  fashion  similar  to  that  of  the  development  of  scales  in 
reptiles,  in  the  form  of  scaly  organ  i=udiments,  and  typlca] 
homy  scales  are  developed  on  the  legs.  On  the  body 
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howeyer^  tbie  development,  doee  not  stop  with;  the  condition 
of  a  sea'le-ghhped  rudiment^  but  transfoms  Into  a  papilla-  ' 
shaped  organ  with  further  disintegration  of  epidermal  cap 
into  longitudinal  .threads  of  the  feather  (Pig.  2.  8a  to  8b) 
W.1.th  the  development  of ,  hair  in.  BJasraaals  only  the  very 
earliest  rudlmcjiitB  have  the  forsi,  of  ectodermal  placolds 
(B.S.  Matveyev  1932  and  1949) >  and  then  the  epidermal 
rudlBient  reaches  cfomplete  dorainance,  and  the  mesodermal 
part  has  a  subordinate  role  in  the  form  of  a  hair  bulb  ; 
(pig.  2^  9a  to  9d) .  However,  the  ability  to  fora  scales 
is  potentially  maintained,  and  .independently  'in  different 
maaaaaliEn  orders  scaly  ooverlng  develops  on  the  tails 
and  claws  (Pig.  2,  10a  to  lOb) .  ‘ 

lixe  .third  group  of  factors,  which  influence  the 
morphogenetic  charact6ristlc.s  and  the  origin  of  neoplaipMi 
in  ontogeny  is  the  change  of  organ  functions  in  relation 
with  the  transformiatlon  of  form  and  metabolism  in  differ¬ 
ent  periods  ani  the  stages  of  individual  development , 

' 

corresponding  to  the  organisational  level  on  the  given 
segment- of  individual  development,  and  new  relationships 
to  the  environment..  According  to  the  indication  of 


JLi,  . . .  i««..  . . . . . . . 

Barwrln,,  recorded  in  the  essay  of  1844  ”Se3:ection  in  the 
;  -ooiarse  of  successive  Oentuides  continues  to  adapt  horns 
I  to  soae  single  purpose'  and  larvae  «-  to-  an  entirely  diff“ 
erent  ^ptirpoSie^^  therefore  it  is  not  su3^rising  that  the 
differences  between,  them  ai*e  strikingly  great . .  and  if 
the  eabryonie  form  should  se&rch  food  for  itself,  then 
its  structure  and  adaptation  will  .be  as  iR^ortant  for  ths' 
speoies  as  the  structure  .and  adaptation  of  the  adult 
organism”  (ilssay  1884^  Works,  T©1.  1939?  page  2l4). 

A*H.  Severtsov  further  developed  this  point  of 
view  in  ’’Studies  on  the  theory  of  evolution**  (1912)  he 

i 

wrote;  •  ”l‘he  function  of  organs,  and  consequently  their 
morphologic  .and  histologic  structure,  are  adopted  and 
coordinated  not  only  to  specific  enirlrcninents,  but  also 
to  the  specific  life-  stages,  reBpectlvely;  1.  C^neral 
. structux^  of  the  animal  at  a  given  age  and  2)  corres- 
poMlng  to  conditions  of  external  medium,  in  which  it 
lives  in  this  stage”  (Works,  Tol.  Ill,  1945,  page  lOl). 
Soviet  morphologists  y.T.  Tasnetsov,  S.d*  Kryzfhanovskly, 
B.S-  Matveyev,  Mashkovstev,  S.W.  Bogolyubskiy,  QlA. 
Shmidt  and  their  pupils,  continued  the  development  of 
i  the  se,  ..,paa.M.ft,Tafl  ,  along- .  dlf f -apea-'Of - — 
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'evolutional  embryology  is  most  interesting  for  compara¬ 
tive  ecolo«morphologlc  studies.  When  studying  the  trans¬ 
formation  of  adaptations  related  to  the  search  of  food 
V.  V.  Vasnetsov  (1946-1953)  developed  the  pi’oblem  of 
stages  ibr  individual  development  of  fish^,  G.A.  Slunldt 
(1953“1955)^  Bogolyubskly  developed  the  problem  of 

periodicity  in  embryonic  development  in  animals.  These 
problems  are  of  great  importance  in  artificial  breeding 
of  animals  ,  and  they  aje  extensively  developed  by  special¬ 
ists,  practical  -workers  in  fish  culture,  poultry  and 
cattle-i’aising . 

Unfortunately  morphologists  and  theorists  of 
evolution  in  foreign  litera.ture  give  insufficient  atten¬ 
tion  to  problems  of  function  transfonnatlcn  in  ontogeny. 
Thus,  for  example,  A.  Remane  (1956)  in  his  thorough 
summai'y ,  concerned  with  "Principles  of  the  natural  system, 
comparative  anatomy  and  plT^'logenetics" ,  in  the  survey  of 
biogenetic  lav'f  and  phylogenetic  changes  of  ontogeny  gave 
a  vei’y  detailed  analysis  of  different  presentations  on 

1 

this  problem,  but  completely  omitted  the  transformation  | 

I 

j  of  functions.  The  problems  of  change  in  life,  change 

I 

I  and  the  expansion  of  functions  v;ere  analyzed  by  him  In _ [ 
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I  relation  with  speciallEatiori  lfiws>  and  in  relation  with 

i 

I 

j  'paleontclDgical  data.,  but  aside  from  the  rules  of  indivi"  i 

I  dual  developxaent; .  S.  Renech  (195^0  tils  excelleiit  | 

suramary  ’'Kevv*  ■oroblems  of  evolution'*  with  many-sided  ' 

i 

analyses  of  the  methods  of  "nadvldovoy”  (trans~s,pecif ic)  | 
evolution  came  to  an  iaimortant  conclusion  on  the  abaerico  I 


01  inaependent  begin.nl;ags  as  moving  forces  of  evolutional  j 

i 

I 

development.  When  anal^/zing  the  cladogenesis  rules, 

the  phylogenetic  divergence  of  species,  he  gave  much  i 

i 

attention  to  phylogenetic  transforrAa.tions  of  ontogeny  I 

i 

j 

in  Its  different  stages,  How’ever,  B.  Rensch  limited  i 

himself  to  the  r^evlew  of  different  deviation  modes ,  i 


*  without  broachj.n,g  the  rules  of  fmictional  tx’ansformations 


j  At  the  same  time  Darv/in  attached  great  significance  to 

I 

transition  methods  from  one  form  to  others,  i  will  recall 
Vv'hat  he  'wx*ote;  "We  should  observe  extreme  care  in 
concluding  that ,  this  or  anothei'  organ  could  not  form  by 
means  of  a  niiinber  of  transitional  stages.  Many  examples 


i  could  be  giA/en  that  one  and  the  same  organ.  Bimultaneously  i 
1  ^ 
I  performs  coiiqpletely  different  functions  in.  lower  animalsj ,  , 

j  further,  two  different  orga.us  or  one  and  the  same  origan 


i 


in  two  different  forms  can  pei’fom  at  the  same  time  In  | 

the  same  species,  one  and  the  same  fUjiction,  and  this  j 

! 

represents  an  extremely  Important  transition  method”,  I 


"Origin  of  the  Species",  (Works,  Yol.  Ill,  1939,  page  405). 

A‘.  N.  Severtsov  in  the  book  "Evolution  and  Psychology” 

(1923)  emphaBised  that  “aside  from  hereditary  organ 

changes  there  are  also  behavioral  chang;es  in  animals 

vfithout  change  of  their  organization,  which  plays  an 

important  role  in  the  process  of  evolution  and  serves 

as  an  important  means  of  anlirial  adaptation  to  environment" . 

It  is  Impossible  for  me  in  this  article  to  dwell 

on  the  natural  regulai’lty  of  fuiietlon  transformation  rules 

in  relation  vfith  changes  of  environment,  I  just  wish  to  I 

i 

note  again,  as  I  often  have  (B.S.  Matveyev  1939,  1940,  | 

1953  and  1957)  that  all  function  transformation  rules  j 

i 

i 

in  phylogenetic  development  (a.M.  Severtsov  1931  and  I 

I 

1939)  even  more  desci*lptively  proceed  in  individual  de- 
velopment.  More  than  that,  it  seems  to  me,  that  by 
studying  the  role  of  ontogenetic  transfomatlons  In  adaptive 
evolution  there  could  be  the  formation  of  species  and  in 
control  of  development  with  the  formation  of  races .  At 
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the  present  time  we  cannot  be  limited  by  a  problem  of*  , 

when  and  how  the  ontogenetic  ohatiige  originates.  Xt  is 
necessary  to  reveal  the  causes  of  the  originating  changes. 
In  the  chain  of  transformations  in  the  developing  organ¬ 
ism^  inherited  from  ancestoral  forms,  in  relation  with 
the  changes  in  habitat  conditions,  the  function  trans¬ 
formations  are  included,  which  in  successive  order  of 
generations  lead  to  transformation  in  the  structure  or 
organs.  As  It  was  correctly  noted  by  Y.  Vasnetsov 
(1946  to  1953),  in  each  stage  and  period  of  Individual 
. developmeri.t ,  a  qualitative  change  of  functions  occurs, 
and  corresponding  with  this  also  oocurs  the  qualitative 
1  level  change  of  organization  and  biology.  i 

i  “  i 

The  transfoi'mation  analysis  of  the  breathing  j 

i 

function  gives  us  a  very  elucidating  example  of  fimctlon  j 

1 

transformation  in  ontogeny.  Still  in  1934  S.  Kryzhanovski2| 
noted  the  replacement  of  provisors'-  breathing  organs  in 
the  development  of  fish.  Breathing  in  the  course  of 
individual  life  of  the  organism  remains  one  and  the  same  - 
providing  oxygen  for  all  organs,  in  distinction  from 
feeding  or  a  numerous  replacement  of  food  objects  there 
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occurs  ^  tiaerefore,  the  transfomatlon  of  diffof'ent  forms 
of  one  exid  the  s^e  function  descriptively  set  In  the 
breathing  process.  In  the  early  developments;  sta-ges 
of  fish.,  the  embryo  breaths  tlirough  the  whole  surface 
of  the  body  (osmotic  breathing),  then  the  brer  thing 
function  Is  aecompllBhed  by  a  grid  of  blood  vessels  on 

T 

the  vitelline  sac.  tPhe  breathing  by  yltellinc  blood 
clrcixlatlon  is  gradually  replaced  by  Jak'  frii^  os  on  the 
hyoid  and  mandible  ai’ches  (external  manible  birosthing), 
frequent  j.y  in  addition  to  them  a  capillary  net 'fork  of 
vessels  develops  in  the  unpaired  fin  edge.  Ord.y  at  the 
end  of  the  la,rval  period  the  definitive  opener  ‘.ar~ 
mandible  breathing  act  enters  into  action.  Tlius,  before 
the  begiiining  of  the  functioning  of  the  definitive  jaw 
in  the  embryo  a  whole  number  of  pi*ovisory  breri  vihlng  organs 
pass  replacing  each  other  in  succession.  Bef<  re  us  is  an 
example  of  the . phenomenon  of  organ  substitution,  per¬ 
forming  the  breathing  function,  and  simultanecnsly  the 
fur>.ction  substitution  in  organs,  p2->ovlding  the  breathing 
for  esibrifo  and  larva,  in  the  definitive  state  however, 
[performing  completely  different  functions  (B.il.  Matveyev 
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.  '*  . . .  l■pw»<.^.>u«H»'■.■*■l»f  n  -rr-'-i 

1940  md  1957)  •  ,  ’  | 

We  will  dlfousa  the  K*ole  of  organ  function  trans-  | 
formation  in  ontogeny,  as  a  factor,  which  influences ‘the 
morphogenetic  clm,racter,  also  by  an,  example  of  the  de- 
;  yelopment  of  skin  coyerlng  oi'gans.  Skin  coyerlnge  are 
I  systems  of  organs,  possessing- the  most  clearly  expressed 
_  multi~functlonality,  whereupon  all  function  changes  In 

; 

these  organs  are  directly  related  to  the  animal mode 
of  life  and  the .  enylrorjment .  For  the  epldermla,  besides 
the  above‘“3tated  inducing  function  of  skeleton  building., 

glandular  furictlon  is  extremely  charactex’istic .  !P'he  y 

. 

comparative  embryologic  studies  of  fish  skin  development 
show  that  these  two  functions  are  In  an  antagonistic  to* 
each  other,  -fhe  furictlon  of  skeletal  induction  Is  depend- 
|ent  ©n  the  intensity  of  glandular  function,  the  stronger 
■is  suppressed  (B.S.  Matveyev  1945)'  Before  us  we  have  an 
example  of  phylogenetic  organ  change,  which  is  called 
function  substitution  (A.H.  Severt^soy  1931)  •  Skin  skeleton 
and  mucous  section  accomplish  the  same  function  protection 
of  animal *s  body  from  external  Influences,  but  In 

I 

I  different  ways.  With  hypertrophy  of  glandtCLar  function. 
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jtiie  skelfetogny  runction  can  completely  fall  out  (Fig.. 
iSj  5  to  6).  Indeed  we  bgc  that  for^me.,  fon  which  a  strong 
kevelOTMent  of  isucous  section  furictlon  is  cha,racter'lstlfi. 


|pos£eES  a  bare  skin^,  the  skeleton  forrtiatlons  in  them  aj?e 
[recluaed  -  Besides  this  It  is  Interesting  to  note  that  the 


ability  to  x’orm  skeletal  formations  is  not  completely  lost  ; 

! 

j 

eltiiei’  in  future  ontogenetic  development  nor  in  phylogenyg  j 
and  in  cases  of  the  glandular  function  weakening  it  can  be  ' 

j 

restored  a.ga.in,  if  this  will  be  useful  to  the  animal.  ; 


Fig.  3.  Skin  cross-section  of  catfish  f .ingerlirsiss 
I  ( Calllchthys )  19  irm-i  long  with  enamel  organ  rudiments. 
jMicrophoto . 


kB  an  exajnple  we  V'fill  discuss  the  relation  between 


'glandular  and  the  skeletal -building  functions  in  the  skin 
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of  catfish.  Aa  it  ia  knom?  for  a  nui^ar  of  catfish 
(SihafMaa,  Jssurld-aer)  the-  presence'  of  bare  skin,  is 

•  '  ; 

■C,h£iL2?^ct.©ri'Stlc  ?  axs4  for  armore^i  c'atfish  (■Oalllchthyi^ae# 
ijorioarii<iiie|,  fiycho]^  beaides  the  presence  of 

bony  arjaor,  the  presence  of  r©;©!  plkcold  hooks  is  charactei- 
ifittc  .on  the  estemal  siirface  of  the  bony  araqour  plates. 
iShe  stadieB  of  0.  Hertiifig  (1876  and  1979)  #•  ft*  Klaatsch 
I  (1^90) ,  Aykhel  (1916)^  fayer  (1928)  and  others  established 
I  complete  ©.tructaral  homology  of  dentine  forms  in  armoured 

I  ■  '  ' 

catfish  with  placoid  scales.  Sfcui:^  of  their  development 
(3Sati-Haadd~Ean  193.8)  in  catfish  ( ggllichthya lally 

« 

conflnaed  the  histologic  studies  of  other  authors.  To 
explain  the  above-raised  problems,  on  the  effect  of  mucous 
section  function  oxs,  the  skeletal -building,  function^  I 
Undertook;  the  compardBon  of  skin  development  of  the  catfish 
{ 0al lie ht hys ) and,  of  {0il.urus  .. glands  V. 

Xn  the  catfish  the  development  of  two  scale  genera¬ 
tions  is  maintained.  In  early  stages  the  bony  plates  are 
established ,  which  form  bony  shields  of  the  external  armour ■, 
and  considerably  later  the  second  generation  of  scales 
is  formed,  which  developed  as  typical  placoid  scales 
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VvTlth  an  enamel  organs  dentine  and  enaiael.  Skin  cross 


3e 


ction  of  19  ram  length  catfish  fingerlirig  is  illustra¬ 


ted  in  Fig«  3.  In  this  stage  we-  find  the  fir^st  scale 
rudiinents.  They  lie  coriaectly  segment  alls’-  opposite  each 
inyocomsia .  The  epidermis  in  this  stage  is  thin  and  a.i..'rsost 
I  deprived  of  glandulai-*  fanction.  The  presence  of  three 
I  layers  of  epide-rmal  cells  on  the  average  and  only  three 
I  gland/alar  colls  on  the  whole)  segment  are  seen  in  the 
cx-’oas-seetlo.n.  Opposite  Kfocomma  the  establis'nment  of 
enamel  organ  with  a  dentine  coiie  rudiment  is  seen,  and 
under  the  eriamel  organ  iridependently  lies  the  accumulation 
i  of  sclsroblasts.  fcr-n-jing  the  osteous  cony  plate.  These 

i 

hony  plates  are  developed  according  to  the  type  of  cycloxdi^l 
scales  of  bony  fish,  and  by  growing  form  bony  shields  of 
the  cxtcsrnal  armo-ar  in  cat, fish.  In  later  develo'piin.ental 
stages  -in  29  to  35  rnm  fingerrlings  a  second  ge.neration  of 
scales  Is  developed  external  to  the  bony  plates  of  t.he 
external  armour  in  the  form  of  separate  dentines ,  ifhich 
later  .adhere  to  bony  shields.  Second  generation  of  scales 
if;  developed  when  the  epideriiiis  becoiries  nuiltl -layered  and 
by  its  thicimesB  suggests  the  epidermis  of  sharks.  In 


^ _ _ _ - - - - — - - - — - — C 

In  relation  with  tbJ.s  with  the  development  of  second 
generation  of  scales,  a  real  ehaniel  organ  is  formed  and 
.  a  typical  placoid  scale  with  dentine  is  developed  (bhati^  I 

’ 

Hardd-Kahn  1938) . 

•  In  79  to  80  mm  bare  catfish  ( Sllurus  glanis) 

I  the  development  of  BkJ.n  proceeds  in  another  direction. 

In  P?lg.  4  tteee  cross-sections  in  different  places  of 
the  body  are  represented  (belly,  tail  section  and  fins), 
illustrated  with  one  and  the  same  magnification.  In  all 
oi'oss-sections  the  epidermis  is  many -layered,  l.e.,  by 
its  differentiation  it  is  considerably  older  thaii  in 
catfish,  but  there  are  no  bony  foitaations  either  on  the 
belly  (Pig.  4  a)  or  on  the  tail  (Pig.  4b).  On  the  other 
hand,  there  a-rs  many  gland  cells,  .indie  at  inf;  on  the 
highly -developed  glandvilax’  fimction.  l?he  large  flask¬ 
shaped  gland  cells  and  the  mucous  colls  are  distributed  in 
t"Wo  to  three  rows  on  the  belly.  In  the  tail  section, 
where  the  moving  .function  of  the  body  is  more  developed 
the  number  of  mucous  cells  is  considerably  smaller  (l-2 
rows).  On  the  cut  through  the  back  fin  (Plg.  4  c)  the 
raucous  fuiietion  of  epidermis  ie  admost  absent  on  both 


J 

I 


aides  ‘of  the  fin.  Only  separate  gland  cells  are  seen  on 
the  cross-aeotlon;,  whereas  undex-  theepiderKila  the  hony 
plates  of  lepsldotrlolila  lie  in  the  o6rir4ect3.ve  tissue. 

‘X'he  ooiapariaot)  oi?  .these  tixree  sections  ^1y$b  e  clear 
picture  of  glaxidular  and  skoletal  akin  fmetlpn  inter- 
action,  'fhe  skeletal  f'umction  in-  catfish  is  -ooKipietely 
replaced  by  tte  laucoujs  excretion  function. 

But  the  skin  does  not  lose  the  ability  to  deycldP 
bo-iEiiy  scales,  ^he  whole  body  of  cst,tM.sh  rcJaado.s  ba.re^ 
but  on  those  sections  of  the  body^  whex’o  the  adenoblasts 
are  few.  the  epideiitni-s,  esBentlaily.  aiaintain'S  the  skele-. 
togony  f'lmction,  llius  in  a  one  yean’  old  catfish  (150  am)  y 
caught  by  B.S.  Berg  in  the  ,teJi"'I>a.rl  and  giv'en  to 
21oolosical  MurSeuaj  wt  dl.bcovo3?-ed  seyeral  scale  “Shaped 
rows  on  the  ,glll  coyer  external  to  its  boi'sy  plate  with 
GOEiplete  ah-BeriOd  of  seales  on  the  whole  body.  l?he  skin, 
oross'-se-ctlon  on  the  gill  bar  of  this  cjs-tflsh  Is  illtis- 
tx‘ated  in  Fig,  5*  5?he  -eplderrals  is  here  mny-layeredf  on 
the  cut  there  ai’e  fourid  adenoblasts  but  there  are  also 
typioally'‘d.eveloped  S'CSle  ef,3tabllshments  with  a  well- 
deyeloped  enaxael  orgaui  in  the  forsi  of  Malpighian  epidei’mls 
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layer  gala.  TJnder  it  by  usiiig  Mallory*^©  we  see 

bony  galas  >  whlQ'h.  are  stalnetl  with  blue^  remineBcent  Qt 

i,  the  dentlae  cones  of  placoid  teeth*  fhns^  the  bare  sitln 
nf  catfish  (BlX^irus  glanis)  did  not  lose  the  ability  to 
form  sk03,etai  formilom  the  sloeletal-hoildlng  fmotlon 
being  only  suppressed  by  glandular  function.  Before  us 
we  have  an  ezaniple'  of  a  phenomenon  noted,  by  Barwins' 

i 

when  the  de#endtnt  keeps  the'  hereditary  transmission  at 
the  corresponding  age  tlie  .sncestof  Bign.jf  inher5.ted  by  the 
descendenty  can  fox'^  a  long  time  be  in  a  latency  and 
will  appear  0:nly  in  the,  following  generations,  fhe 
api^earance  of  alatent  sign  in  the  following  generations' 
ocohrs,  when  it  becomes  a  usefiil  adaptaticn  in  its  relatio 
to  environment .  „ 

According  to  the  law  of  hereditary  sign  trans- 
•mission  in  the  corresponding  age  (Baxns'in) ,  fish  skin 
eventually  pre.sexnrcd  the  posBibility  to  form  placoid 


scales,  but  this  potential  is  latent. 


in  the  mouth 


of  t'he  vertebrates  the  endodeimal  coveriixg  realize  this 
potential  in  the.-  foim.  of  the,  tooth  system.  In  some  fish, 
for  example .  in  the  armoured  catfish,  this  potepftial  was 
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'again  restored  with  the  development  of  bony  armor  as 

i 

!an  adaptation  to  protection  frora  enemies. 


Fig.  5.  Skin  of  150  min  naked  catfish  (Silur-ns  glanlP) 
in  the  region  of  the  gill  cover.  The  establishment  of  the 
enamel  scale  ox^-gan  Is  seen.  Ml c-ro photo , 


A  siralla'r  realization,  of  the  latent  skeletogcny  potential 


\  was  restored  on  the  gill  covex“  of  tlie  bax’e  catfish  in 

I 

I  the  Second  yeai'  of  its  life.  Before  us  ia  an  example  of 

i 

I  the  restoration  of  the  lost  correlative  interrelations 

i 

i  of  choriixra  and.  epidermis  as  two  parts  of  form  develop- 
j  mental  apparatus  for  the  development  of  scales  in  those 


j  skin  sections  v?hex‘e  the  skeletogcny  eoider’inls  function 

I 

I 

i  could  hcive  been  restored  due  to  the  weak  development  of 

5 


I 

1 


adenoblasts 


Slfflllar  kinds  of  effects  of  distant  ancestor  sign 
restoration  in  tiie-  descendent,  lost  In  tiu-  ontogei:iy  of 
tJie  closest  relatives.,  were  names  by  me  secondary 


reca.pita].atloriB  (B.S.  Matveyev  1929)-  I'act  of 

plaooid  scale  restoration  In  the  skli  of  catfish  is  a 
new  example  of  secondary  recapitulat  i'-'ras . 

The  establishment  of  the  fact -of  preBer;/at:iori  in 
latency  of  an  old  ancestoral  sign  and  the  po-ss.il>ility 
of  its  I'estoratlon  in  the  ontogeny  of  presenr  descendenrs 
with  a  change  'Of  relationship  in  its  fiinct-ions  and, 
depending  on  the  environment  pi’esent  a  great  irter-ast  in, 
another  respect.  If  we  meet  restoration  cases  of  an  old 
sign  with  the  change  of  funtion  in,  t  he  natural  envii’onmeni 
then  tills  gives  a  right  to  the  blolcgiat  to  work  at  the 
restoration  of  l8.tent  signs  in  ezpei  iment-,-!!  coviditions . 

If  this  were  successful,  then  the  biologist  would  have 
posaiblity  of  directing  the  development  of  animpd,  bjceedin, 
according  to  his  own  Judgiement  and  to  open  potential, 
possibilities  3ji  ontogenesis  wloich  ctui  be  vised  by  a  man 
for  his  own  needs. 
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